A new approach to diagnosis of Mycobacterium tuberculosis infection based on rapid detection of M. tuberculosis-specific T cells was recently developed [1] . The ex vivo enzyme-linked immunospot (ELIS-POT) assay enumerates T cells specific for 2 small, intriguing antigens that are secreted by M. tuberculosis but are absent from all strains of Mycobacterium bovis bacille Calmette-Guérin (BCG): early secretory antigenic target 6 (ESAT-6) and culture filtrate protein 10 (CFP10). T cells from M. tuberculosis-infected individuals become sensitized to ESAT-6 or CFP10 in vivo; when the T cells reencounter these antigens ex vivo in the overnight ELISPOT assay, they release a cytokine, IFN-g [2] . By the next morning, each such T cell gives rise to a dark spot, which is the "footprint" of an individual M. tuberculosis-specific T cell, and the readout is the number of spots. With use of peptides spanning the length of these antigens, the ELISPOT assay has a sensitivity of 96% for patients with culture-confirmed tuberculosis. This is significantly higher than the sensitivity of the tuberculin skin test (TST) [1] . Unlike the TST, the ELISPOT assay does not seem to be susceptible to false-negative results for patients with disseminated tuberculosis [1] , and it maintains its high sensitivity for HIV-infected patients with tuberculosis [3] . In addition, the ELISPOT assay is not confounded by prior BCG vaccination, as evidenced by uniformly negative results for BCG-vaccinated people with no history of tuberculosis exposure [1, 4, 5] ; its specificity in these populations is 100%. The ELISPOT assay may thus prove clinically useful in the diagnostic assessment of patients with suspected active tuberculosis in regions where there is a low prevalence of latent tuberculosis infection.
The T cells enumerated by the ex vivo ELISPOT assay are effector cells that have recently encountered antigen in vivo and can rapidly release IFN-g when reexposed to antigen [6] . In contrast, long-lived memory T cells, which persist long after clearance of the pathogen, are relatively quiescent and less likely to release IFN-g during the short period of exposure to antigen in the ex vivo ELISPOT assay [6] . In a given individual, the frequency of effector T cells is thought to be largely driven by the antigen load, which is closely related to the bacterial load [6] [7] [8] . This is probably why the frequency of ESAT-6 peptide-specific T cells in patients with tuberculosis decreases progressively with successful antituberculous therapy, with an observed rate of decay of 5% (95% CI, 2.4%-8.4%) per week [9] . Thus, unlike the TST and serological tests, the ex vivo ELISPOT assay is dynamic, because it enumerates effector T cells, and the frequency of these cells reflects bacterial burden in vivo. For several chronic viral infections, there are blood tests that directly quantify virus load; in contrast, there is no such quantitative assay for determination of the bacterial load for tuberculosis. Quantitation of M. tuberculosis-specific T cells using the ELISPOT assay might, in theory, serve as an indirect measure of bacterial burden that could be used to monitor the response to tuberculosis treatment. However, individuals naturally differ in the level of T cell response that they mount for a given antigen load in vivo [6] [7] [8] . Therefore, although differences in T cell frequency within an individual over time reflect changes in bacterial burden, T cell frequencies cannot be used to compare bacterial load between individuals.
In this issue of Clinical Infectious Diseases, a report by Carrara et al. [10] describes the results of an investigation of whether a related ELISPOT assay can be used as a surrogate marker of bacterial burden to monitor the response to tuberculosis treatment. Using 2 immunogenic ESAT-6-derived peptides that span 38% of the ESAT-6 molecule instead of the full complement of peptides that span the whole molecule, the authors recently demonstrated that 20 (74%) of 27 patients with culture-confirmed tuberculosis had T cells that were responsive to these peptides in the ELISPOT assay [11] . For 18 of the patients who initially had positive results of the ELISPOT assay, Carrara et al. [10] performed a second ELISPOT assay after 3 months of antituberculous therapy and correlated changes in the frequency of ESAT-6 peptide-specific T cells with clinical, radiological, and microbiological response to treatment [10] . Strikingly, for all 13 patients who had a good response to therapy and whose culture results were negative for M. tuberculosis at 3 months, the frequency of ESAT-6 peptide-specific T cells had decreased to levels below the threshold for a positive result-that is, the ELISPOT assay result had turned negative. In contrast, the 5 patients with the least improvement after 3 months of treatment continued to have positive ELISPOT assay results, although these responses had decreased for 4 of them. For all 5 patients, M. tuberculosis could still be cultured from sputum, blood, or pleural fluid samples at this time point. These 5 patients apparently had the most extensive disease and poorest nutritional state before starting therapy. It is interesting to note that, after 6 months of treatment, clinical disease had resolved and clinical specimens had turned culture negative for these 5 patients, and, at this time point, ELISPOT assay results were negative. In contrast to what was observed for ESAT-6-derived peptides, ELISPOT assay responses to PPD did not correlate with response to therapy.
Thus, ELISPOT assay responses over time had a clear-cut correlation with clinical and microbiological response to therapy. ELISPOT assay results for the patients with a good response to treatment turned negative earlier than was observed in previous studies [9] , but this may be related to the fact that initial ELISPOT assay responses in the patients in the study by Carrara et al. [10] were rather low. The relatively small number of patients, together with the paucity of clinical information provided, suggests that we should view these exciting new findings as promising preliminary data rather than as definitive proof. Moreover, it would have helped to see the individual patient data used to determine whether there had been a response to treatment at 3 months. Nonetheless, the report by Carrara et al. First, the ELISPOT assay may prove to be useful for monitoring the efficacy of antituberculous therapy, as suggested by Carrara et al. [10] . However, there are, of course, several simple clinical, radiological, and microbiological parameters that we use to monitor response to tuberculosis treatment, and no single test can, or should, replace these. Rather, the ELIS-POT assay may help as a useful adjunctive test, alongside comprehensive clinical evaluation. Second, there is an urgent need for improved antituberculous agents that allow shorter treatment courses. If the decrease in ELISPOT assay responses reflects decreasing bacterial burden during effective treatment, then the ELISPOT assay could enhance the evaluation of new therapies in clinical trials. This might prove to be especially useful for new pharmacological or immunological interventions for treating multidrug-resistant (MDR) tuberculosis, for which the response to treatment and the decline in bacterial burden are much slower and harder to predict. It is interesting that, in 2 patients with MDR tuberculosis for whom I tracked ELISPOT assay responses during treatment, the rate of decline was slower than it was in patients with drug-susceptible tuberculosis (unpublished observations).
What additional studies are needed to build on the interesting findings reported in this issue of Clinical Infectious Diseases? First, a larger prospective study that includes patients with MDR tuberculosis and uses predefined criteria for response to therapy is required. Second, it would be of interest to determine whether patients whose ex vivo ELISPOT assay results have turned negative after successful therapy still have detectable long-lived memory T cells in their blood. This might enable us, for the first time, to distinguish people whose M. tuberculosis infection has been fully treated and has cleared, leaving them with only memory T cells but no effector cells, from those who still harbor viable bacilli secreting proteins that provoke ongoing antigenic stimulation in vivo, leaving them with detectable numbers of effector T cells. This could help in evaluating patients who present with suspected recurrence of tuberculosis after chemotherapy. Finally, a major clinical challenge is the monitoring of preventive treatment of latent tuberculosis infection, for which there are there are no clinical, microbiological, or radiological parameters for assessing response to therapy. Given that the ELISPOT assay appears to be the most sensitive and specific new tool for detection of latent tuberculosis infection [5, 12, 13] , a prospective study to investigate the effect of preventive therapy on ELISPOT assay responses over time would be helpful. A decline in response could make it possible for clinicians to monitor the effect of preventive therapy on latent infection.
